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Dr. Gardner was selected by the committee to the thirteenth 
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PREFACE 
@.ppreciate the honor of present-
ing the Faculty Research Lecture for 1954. In preparing this 
review I have drawn freely on the ideas and data of my col-
leagues, often without proper credit. Several of my associates 
both at the University of Utah and the Utah State Agricultural 
College have read the manuscript and made valuable suggestions. 
To all who have aided me directly or indirectly, I express my deep 
appreciation. 
The research on human cancer was conducted through the 
Laboratory of Human Genetics, University of Utah, with the co-
operation of Dr. F. E. Stephens, Dr. Charles M. Woolf, Dr. Ralph 
C. Richards, and several staff members of the Salt Lake General 
Hospital. Members of a large number of Utah families and their 
physicians have cooperated in the study. The project has been 
supported financially by the United States Public Health Service. 
The fruit fly research was initiated at the University of Utah 
in 1946, when the author was a staff member at that institution, 
as a joint project with Dr. W. W. Newby. It was supported in its 
initial stages by the University of Utah Research Fund. The 
project has been continued since 1949 at the Utah State Agri-
cultural College with the support of the Damon Runyon Memorial 
Fund, American Cancer Society, through the recommendation of 
the Committee on Growth, National Research Council, and the 
Utah Agricultural Experiment Station. The follOwing graduate 
students have made Significant contributions: Charles M. Woolf, 
Frank J. Ratty, and Douglas M. Dearden at the University of Utah, 
and Gerald H. Stott, Marriner Bingham, Morris D. Gardner, and 
Ronald Mottishaw at the Utah State Agricultural College. Clyde 
Neil Herrick, Herman L. Green, and John R. Simmons are now 
associated with the project. 
Eldon J. Gardner 
Genetics of Cancer and Other 
Abnormal Growths 
ELDONJ.GARDNER 
Department of Zoology 
INTRODUCTION 
~ CONQUEST of cancer is one of 
the most difficult research problems ever undertaken. Although 
large sums of money are now being expended for research, the 
fundamental processes involved in cancer origin and transmission 
remain a mystery. In spite of the lack of immediate success in 
solving the problem, much general basic information from the 
various research projects designed to study cancer has been ac-
cumulated. The investigators who set out to study abnormal 
growth soon discovered that normal growth processes were not 
completely understood. Therefore experiments were also designed 
to study normal growth. These required new biochemical, his-
tological, and tissue culture techniques which have facilitated the 
study of both normal and abnormal growth. Fundamental data 
have thus been accumulated through the stimulus of cancer re-
search which will be used in the solution of problems in many 
other areas. The cancer problem will eventually be solved by the 
application of the scientific method. In fact, the solution may 
actually be very simple when the secret has been learned. Now 
it is extremely complex. 
Cancer, in its fundamental relationship with the living cell, 
is different from the germ diseases which have been largely con-
quered. For this reason the experimental attack requires a dif-
ferent approach than that for most other diseases. Cancer is the 
result of uncontrolled growth. Several factors such as hormones, 
vimses, and chemical processes of living tissue are known to 
influence growth. An immediate process through which growth 
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is accomplished is cell division operating under the controls of 
the organism as a whole. Either a local stimulus favoring exces-
sive cell division or a breaking down of the usual controls estab-
lished by the organism would seem necessary for abnormal 
growth. Even the most substantial and best organized cells "grow 
wild" in tissue culture. The natural tendency for living cells when 
released from the controls of the body is to multiply without 
restrictions other than those imposed by the conditions of the 
environment. 
Abnormal growths or tumors may originate from single "wild" 
cells in the epithelium, connective tissue, blood, or any other 
tissue capable of cell division. They do not form an integrated 
part of the organism and they perform no useful function, but 
grow at the expense of the rest of the body. Benign tumors remain 
localized while malignant (cancerous) tumors infiltrate neighbor-
ing tissues and eventually destroy them. Fragments carried by the 
lymph and blood give rise to secondary tumors which develop in 
more distant parts of the body. 
GENETICS OF HUMAN CANCER 
@l1; ANY PEOPLE have answered to 
their own satisfaction the question of the inheritance of cancer 
by looking into their family histories and those of others with 
whom they are acquainted. Since cancer seems to have occurred 
more frequently in some families than in others the question, Is 
cancer hereditary? has usually been answered in the affiImative. 
However, there is virtually no statistical evidence for the inheri-
tance of cancer in general. 
Cancer is widespread in the population. In Utah about one 
person in six will have cancer at some time in his life. Several cases 
might sometimes be expected to occur in a single family even if 
there is no inherited tendency whatever. The expected numbers 
of cancer deaths in Utah famiHes of different sizes by chance 
alone are summarized in table l. On the average 32 of every 
100 families of 8 members have no cancer deaths, 39 have 1; 21 
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have 2; 7 have 3; and 1 per hundred has 4. Presumably in a large 
population families could be found in which all members died 
with cancer. Therefore when individual families are selected 
because they have several cancer cases it is difficult to be sure that 
anything other than chance is involved. 
Table l. Expected number of cancer deaths in Utah families 
of varying sizes by chance aloneo 
No. of 
cancer Per 100 families of size: 
deaths 3 4 5 6 7 8 
0 65 57 48 43 36 32 
1 30 35 38 39 40 39 
2 5 7 12 15 18 21 
3 0 1 2 3 5 7 
4 0 0 0 0 1 
Based on Utah vital statistics for years 1946-49. 
Cancer in Specific Tissues 
SPECIFIC TYPES of cancer, however, occurring in certain 
tissues of the body may have an hereditary tendency of greater 
or lesser importance compared with other etiological factors. 
Physicians sometimes answer questions concerning the inheritance 
of cancer by telling their patients that, "Cancer is not hereditary 
but the susceptibility may be inherited." It is readily agreed that 
cancer, as such, is not hereditary. In fact, no trait is inherited. 
Only genes, which make hereditary traits possible, are transmitted 
from parents to children. Certain combinations of genes give the 
individual a potentiality or susceptibility for a given expression. 
An environment specific for the action of certain genes is required 
before a potentiality can be expressed. The hope for the future 
with respect to many hereditary diseases is that the environment 
will be arranged in such a way that unfortunate gene combina-
tions will never express themselves. A person may then remain 
healthy in spite of defective heredity. 
The heterogeneity of the human population as well as its 
characteristic of being exposed to diverse and largely man-made 
environmental conditions makes the study of genetics of human 
cancer a difficult task. Genetic analyses which are difficult with 
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homogeneous strains of mice, living in controlled environments, are 
infinitely more arduous and uncertain when undertaken among 
human beings. However, there is no question but that heredity 
plays an important role in the predisposition to some types of 
human cancer. The literature contains records of several of these 
types. Multiple polyps, polyposis intestini, growing inside the 
colon (Gardner 1951, Dukes 1952) follow the pattern of a single 
dominant gene. Nodules developing in the connective tissue 
around the nerves, neuro-fibromatosis, (Cockayne 1933) are con-
sidered to be dependent on a dominant gene with incomplete 
penetrance. The tendency favoring pigment patches, xeroderma 
pigmentosum, with sensitivity to sunlight which sometimes become 
malignant is inherited through a recessive incompletely sex-linked 
gene, and a tumor of the eye, retinoblastoma, (Weller 1941) has a 
dominant pattern of inheritance. These are all rare diseases and 
represent only a small proportion of the total cancer cases. 
Cancer in the more common sites (breast, stomach, uterus) 
does not follow a simple hereditary pattern. Factors in the inter-
nal and external environment are apparently more important than 
heredity in the etiology of these types. Nevertheless, there seems 
to be a relatively small but significant inherited tendency for can-
cer in some common sites. These are being investigated by the 
methods available to the human geneticist: twin studies, family 
histories, and statistical analyses. The general trend of results 
at present provides no evidence for the inheritance of cancer in 
general but indicates that cancer in some specific sites has a fa-
milial tendency. For example, studies of the incidence of all types 
of cancer in monozygotic compared with those in dizygotic twins 
(Habs 1938, 1939) showed no significant difference. When the 
same data were analyzed for cancer in specific sites the concord-
ance for the monozygotic twins compared with that of the dizy-
gotic was significant and impressive. 
Breast Cancer 
CANCER of the human mammary gland tissue has been 
recognized throughout the period of recorded history (Behan 
1938). The Edwin Smith papyrus from the Egyptian pyramid age 
(3,000-2,500 B. C.) , which was translated and puplished in 1930, 
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included a section entitled, "Instructions concerning bulging 
tumors of the breast" (Breasted 1930). Celsus, a Roman surgeon 
in the first century A. D., diagnosed cancer of the breast and 
developed a technique for breast removal. He also described the 
lymph-node involvement of the axilla associated with breast can-
cer. In the next century Leonides of Alexandria recognized, 
among other sypmtoms, retraction of the nipple as a s~gn of breast 
cancer. At present about 22 percent of all cancer in women is 
localized in the breast. 
An hereditary tendency for breast cancer was indicated by 
statistical studies of Martynova (1937) , Jacobsen (1946) , Penrose 
et al. (1948), Smithers (1948), and several other investigators. 
These studies consisted of comparisons between the incidence of 
breast cancer among the relatives of breast cancer patients and 
control groups. Two serious 'difficulties are involved in such 
studies which have been overcome in varying degrees by different 
investigators. The first is associated with the collecting of data 
and the second involves the selection of controls from the general 
population for comparison. 
It is extremely difficult to obtain accurate, objective, unbiased 
data. Cancer patients and their relatives are usually not informed 
as to the exact nature of the lesions involved. Some physicians 
even prefer not to tell their treated patients that they have had 
cancer. Hospital records, pathological reports, and autopsy find-
ings are not always complete and sometimes are not made avail-
able to the investigator. Private physicians have on occasion been 
resentful of research clinics and cancer detection centers which 
seemed to encroach upon their practice. Even when data are avail-
able the unbiased ascertainment of patients and the accumulation 
of sufficient suitable information concerning them and their rela-
tives are not easy tasks. 
Even more troublesome are the unbiased selection and obtain-
ing of cooperation of appropriate controls. Breast cancer is wide-
spread in the population and striking concentrations may be 
expected by chance. Non-hereditary factors such as age, marital 
status, number of pregnancies, and social level are known to in-
fluence breast cancer incidence. Therefore large and carefully 
chosen control groups are necessary to represent the population 
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accurately for comparison. Human beings as a whole do not care 
to be "guinea pigs" and submit to questioning and examination 
when there is no apparent immediate personal benefit. The high 
motives of scientific investigation for the common good are often 
obscured in the minds of people by the prospects of slight per-
sonal inconvenience. 
In spite of the difficulties, statistical studies have been de-
signed and conducted quite successfully by the authors listed 
above. Other more refined investigations are now being conducted 
by Madge T. Macklin in Ohio, Sheldon Reed and Elvin Anderson 
in Minnesota, C. P. Oliver and his associates in Texas, and Charles 
M. Woolf in Utah. Reports on these projects at recent scientific 
meetings indicate that breast cancer is significantly more common 
among the mothers and sisters of breast cancer patients than 
among the controls. One recent study, however, conducted in 
Pennsylvania and reported by Douglas P. Murphy at the Sixth 
Annual Meeting of the American Society of Human Genetics, 
December 28, 1953, showed no significant increase of breast can-
cer among the relatives of breast cancer patients. The difference 
in the results of statistical studies indicates either a difference in 
the reliability of methods employed or a difference in the popula-
tions sampled with respect to breast cancer incidence. 
Family History Studies on Breast Cancer 
IN lITAH the large families, relatively stable population, 
and excellent cooperation on the part of the great majority of 
people seemed to favor family history studies along with statistical 
investigations, in spite of the obvious difficulties in ascertainment 
and control. The possibility of discovering patterns of inheritance 
which might be obscured by purely impersonal statistical treat-
ment provided further reason for this approach. Furthermore, 
the possibility of discovering the actual incidence and behavior 
of breast cancer in representative family groups seemed to justify 
such studies. Several kindreds have therefore been investigated 
during the past five years and a considerable amout of information 
has been obtained. Some family groups were found to have a high 
incidence of breast cancer while no cases were detected in other 
equally large and carefully investigated kindreds. 
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One large family group (kindred 107), a part of which is 
illustrated in fig. 1, was investigated in 194B. From information 
obtained from family members, their physicians, and hospital 
records, B cases of breast cancer ( II-I, II -3, III -19, III -20, IV -2, 
and IV-75) and five cases of breast tumors (II-4, III-6, III-9, 
III-IB, and IV-l7), not shown by microscopic examination to be 
malignant, were detected (Gardner and Stephens 1950). All 
cases were concentrated among the members of three branches of 
the kindred which descended from three sibs (II -2, II -3, and II -4). 
No cases were detected in four branches, three of which descended 
from other sibs (not shown in fig. 1) and one from another family 
by a second marriage of one of the first mentioned sibs (II -4). 
The periods of onset, duration, and clinical history were remark-
ably similar among four sisters in one family and three sisters in 
another. 
This kindred was selected for study because it was known to 
have several cases of breast cancer. It is possible, of course, that 
it represents only a chance concentration of breast cancer without 
hereditary implications. When the study was begun, however, it 
seemed justifiable to postulate some hereditary significance to the 
-.0 .. ,,'" 
O( SCUIO"'HTSO 0 
010).., .... "10 0 0 
Fig. 1. Pe~gree chart from kindred 107 shOwing cases of breast cancer 
and breast tumor 
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observation and to look to the future for evidence for or against 
a familial tendency. The same kindred was resurveyed in 1953 
after a five year interval and three new cases, one (IV-16) malig-
nant and two (IV -20 and IV-55) not malignant at the time of 
treatment, were detected. All three occurred within the branches 
previously involved. No cases have been detected in the other 
parts of the kindred which were free from breast cancer five 
years ago. There must be a reason for the continuing excessive 
concentration of breast cancer in this kindred and it warrants 
further investigation. 
In another kindred (No. 144) eight cases of breast cancer 
were found in one branch (Woolf and Gardner 1951). In addi-
tion one member had adenofibromas removed from her breast 
and two male members had undergone treatment for skin cancer 
of the ear. Breast cancer is considerably more prevalent in this 
family than in the Utah population. Nine female members have 
died after reaching the age of 35. The cause of death for 7 of the 
9 was listed as cancer of the breast. In this kindred the striking 
concentration occurred in only one branch while the other 9 
branches had no greater incidence of breast cancer than that of 
the general population. Again, this kindred was selected for 
study because it was known to include several cases of breast 
cancer and the high concentration does not necessarily indicate 
an inheritance tendency but could be a chance phenomenon. It 
does, however, seem worthy of continued study. 
Factors other than heredity, such as marital status, social 
status, and childbearing (Oliver 1952) are probably more important 
than heredity in the incidence of breast cancer. The hormonal 
influence on breast development is a major consideration. This is 
influenced indirectly by inheritance since variations of structure 
and function of the endocrine glands are ultimately dependent 
on heredity. The activity of the glands provides for the internal 
environment of the individual. Marriage and child-bearing de-
crease the chance of cancer of the breast. Cancer in the body of 
the uterus is also less prevalent among married women and 
mothers. However, child-bearing has the opposite effect on can-
cer of the cervix. This type is more prevalent among married 
women and is roughly proportional to the number of pregnancies. 
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The ~~Milk Factor" and Breast Cancer 
BITTNER (1942) observed that the daughters of some 
mother mice had a higher incidence of mammary cancer than 
those of mothers from other strains. Appropriate investigations, 
including foster feeding experiments by Bittner and others, 
showed that a virus in the mother's milk was a predisposing agent. 
The virus was transmitted in the feeding process from the mothers 
to the young mice. When the daughters reached maturity more 
than the usual propor~ion expected for mice in general developed 
mammary cancer. Apparently the virus was carried by many 
mice in which no symptoms of breast cancer had appeared. 
Interest and speculation concerning the possibility of a milk 
factor in human beings were aroused by these investigations on 
mice. On the strength of this work some physicians have advised 
their patients against nursing their female babies as a means 
of cancer control in the next generation. Charles B. Huggins 
(Salt Lake Tribune, November 15, 1953) internationally known 
cancer authority, suggested at the Illinois division meeting of the 
American Cancer Society that 100,000 women refrain from breast· 
feeding their infants for one generation to determine whether 
there is a milk factor in the transmission of breast cancer among 
human beings. The purpose of the experiment would be to seek 
confirmation of tests made with animals which showed a pre-
disposition to breast cancer through the milk. Dr. Huggins is a 
clever speaker and the statement picked up by the reporter may 
reflect his sense of humor rather than a serious proposal. Never-
theless, we should like to suggest an alternative method of 
determining whether there is a milk factor in human beings. 
We have in our records several families in which many cases 
of breast cancer have occurred. Our data have been examined 
carefully for evidence of a maternal influence but so far the evi-
dence is negative. In the families which have provided an oppor-
tunity to follow the cancer incidence through several generations, 
we find no more cases from the maternal than from the paternal 
line. This indicates that the hereditary tendency referred to above 
is carried by the father as well as the mother. Our sample is 
comparatively small but it could be increased within a few months' 
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time from data now available in Utah to a level of adequate sta-
tistical significance. We should prefer to answer the question of 
the "milk factor" in human beings from a statistical study rather 
than an experiment requiring 100,000 women to refrain from 
nursing their babies. 
Stomach Cancer 
STOMACH CANCER is not as readily detected as breast 
cancer. Therefore its history and prevalence in the population are 
more uncertain. Undoubtedly many people who have died from 
"unknown causes" in past generations have had stomach cancer. 
The late average age of onset, possible environmental factors, and 
difficulties of diagnosis make human inheritance studies of this 
cancer virtually impossible. Even when cancer of the gastroin-
testinal tract is indicated it is not always possible to determine 
the primary site. The literature provides meager data on possible 
inherited tendencies for this type of cancer. 
Some kindreds included in our investigations seem to have an 
unusually high prevalence of cancer in various areas of the gas-
trointestinal tract. One such "stomach cancer family" includes 
a man, four wives, and 24 children and their descendants (Woolf 
and Gardner 1950). The original progenitor died in 1909 with 
cancer and six of the 18 children who reached maturity were re-
ported to have died with carcinoma of the gastrointestinal tract. 
Three of the four families were represented. The stomach was 
the primary site in four patients and the rectum in two others. 
Most of the members of the next generation in this kindred are 
less than 45 years of age. Continued observation will be necessary 
to determine whether an inherited predisposition of some kind 
is involved in this and other kindreds in which several cases of 
cancer of the gastrointestinal tract have occurred. 
Because of the difficulties of ascertainment and suitable con-
trols mentioned above, family history studies of stomach cancer 
have not thus far provided reliable nor significant data. A sta-
tistical investigation (Woolf, unpublished) has shown that the 
incidence of stomach cancer is about twice as great among the 
parents and sibs of stomach cancer patients as in the general 
population. Dr. Woolf's investigation was designed to control 
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the factors which tend to make statistical studies of stomach cancer 
uncertain and it represents the most reliable investigation con-
ducted thus far. Although the difference is significant the heredi-
tary tendency is not impressive. 
The data showed further that among the close relatives of 
stomach cancer patients, cases of cancer in other sites (breast, liver, 
prostate, and uterus) were distributed at random and within the 
frequency range of the general population. Although, these data 
indicate an increased tendency for stomach cancer (but not for 
cancer in other sites) among the close relatives of stomach cancer 
patients, the increase is not great. It is difficult to evaluate the 
importance of environmental conditions such as "diet patterns" 
which could account for the statistical difference. Inheritance 
is apparently only one of several factors involved and a relatively 
minor factor. 
Intestinal Polyposis and Cancer of the Colon 
IN CONTRAST to breast and stomach cancers which have 
a significant but minor hereditary tendency, cancer of the colon 
associated with intestinal polyposis follows a definite pattern of 
dominant inheritance. Considering the whole population this is 
not a common illness. Only about 350 cases were reported in the 
literature prior to 1948. In some families, however, it is extremely 
important. One kindred (No. 109, fig. 2), for example, was 
brought to our attention because 8 death (11-7, III-I, 111-2, 111-3, 
IV-I, IV-8, IV-9, and IV-15) had resulted from carcinoma of the 
colon (Gardner and Stephens 1950). The average age of death was 
in the late thirties. Young children were left without fathers or 
mothers and the resulting social and economic problems virtually 
demoralized the family group. 
One case (IV -12) of polyposis, diagnosed in the group while 
the family history study was in progress, led to the suspicion that 
in this family, polyposis was the predisposing factor for carcinoma. 
A project was therefore designed (Gardner 1951) to determine 
if polyposis could be detected in the living members. Appro-
priate examinations were given by a team of clinicians. From a 
total of 51 living individuals, 6 (IV-2, IV-12, IV-14, V-7, V-9, and 
V -29) were found to have polyposis, 39 were negative, and 6 
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Fig. 2. Pedigree chart from kindred 109 showing cases of intestinal 
polyposis and cancer of the colon 
young children were not examined. Pathological studies showed 
that some polyps in two (IV-2 and IV-14) of the six positive cases 
had already become cancerous. The range in age of the six posi-
tive patients was from 14 (V-9) to 45 (IV-2) years. Further 
observations and appropriate examinations showed that all six 
with polyposis also had multiple osteomas and lesions in the 
connective and epithelial tissues. Members of other branches of 
the kindred were examined and found to be free from all of these 
growth abnormalities (Gardner and Plenk 1952, Gardner and 
Richards 1953). 
Another Utah kindred (No. 134) showed 8 cases of intestinal 
polyposis, all concentrated in one branch. All 5 members of one 
sibship, including a pair of identical twins, were afflicted. The 
mother of the sibship died with intestinal polyposis and carcin-
oma. The abnormalities were traced through three successive 
generations. A dominant mutation was postulated to explain the 
origin of the defective gene. The pattern of dominant inheritance 
was also demonstrated in this pedigree. 
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On the basis of the family histories and the dominant mode 
of inheritance, predictions were made as to which individuals 
might be expected to inherit polyposis. In every sibship where 
either polyposis or carcinoma of the colon was found to be present, 
one parent had died from carcinoma of the rectum or colon and 
presumably had polyposis. Whenever a parent had the abnorm-
ality, the trait occurred in about half of his children, while all of 
the children of those parents not affected were normal. Since in 
each case a person with polyposis married a normal person all of 
the matings in these families were between heterozygous (Pp) 
and homozygous recessive (pp) individuals. The dominant gene 
(P) for polyposis was thus segregated to half of the offspring. 
In view of the hereditary pattern for polyposis, well estab-
lished from this study and others (Dukes 1952) in the literature, 
and the fact that polyps (adenomas) predispose to carcinoma 
(Helwig 1947), a family history study would seem well justified 
for every case which comes to the attention of a physician. In 
the family groups cited, treatment was sought too late by several 
individuals now deceased from cancer of the colon and rectum. 
Some of those were treated surgically for advanced cases of 
carcinoma, but did not survive beyond a year or so and the cause 
of death was carcinoma. The hope for members of these family 
groups in the future is that they will be alert to the danger and 
their family physicians will not brush the matter aside but will 
diagnose and treat the condition in good time. 
Intestinal polyposis is characterized by numerous clustered 
adenomas in the mucosa of the large intestine. Solitary adenomas, 
single or multiple, also occur in mankind and they too predispose 
to carcinomas of the large intestine. Although a high proportion 
of the cases of cancer of the colon develop in previously existing 
adenomas, some probably arise independently. Helwig (1947) 
reported two small carcinomas which did not show morphologic 
evidence of pre-existing polyps. Both were single lesions in men, 
neither of which had adenomas anywhere else in the large in-
testine. Polyps are known to slough off when the carcinoma 
develops and thus obscure the evidence for pre-existing adenomas. 
On the other hand, there is no reason to expect that carcinoma 
should originate only from polyps in the large intestine. Else-
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where in the body it apparently arises from single abnormal cells. 
Nevertheless, the majority of carcinomas of the large intestine 
develop in adenomas. The hereditary nature of solitary adenomas 
is now under investigation. 
Limitation on Human Inheritance Studies 
CANCER IS A DIFFICULT TRAIT to study and human beings 
are not favorable experimental material. The present investiga-
tion and others recorded in the literature indicate that no over-all 
hereditary tendency exists for cancer. Inheritance may, however, 
be a factor in the incidence of specific types of cancer occurring in 
certain tissues and locations in the body. The family history 
method alone is not adequate for studying the inheritance of the 
more common types. Twin studies and statistical investigations 
must be used to determine whether the types which occur fre-
quently have an hereditary tendency. Family history studies, 
however, may have great value in working out the hereditary 
pattern and determining the nature of inheritance in cases where 
an hereditary tendency is established. 
Because of the serious difficulties involved and the complexity 
of the cancer problem in man, experimental animals are now used 
extensively for studying cancer. The inheritance problem as well as 
other aspects of cancer research is being approached through ani-
mal studies. Abnormal growth, which is a basic factor in cancer, 
occurs in virtually all animals. However the incidence of specific 
types of tumors and cancers varies markedly in different animals 
and in different tissues. Any information on this subject from any 
material may be significant in the cancer problem. Breast cancer 
for example has never been reported in cows. Intestinal polyps 
have not been reported in the thousands of autopsies performed 
on mice. In contrast, from 1,460 consecutive human autopsies 
Helwig (1947) found adenomas in the large intestine of 139 or 
9.5 percent. The incidence increased with age beginning appreci-
ably in the fourth decade and reaching a maximum of 24 percent 
in the eighth decade. Comparative studies of abnormal growth in 
different animals, as well as tissue specificity may suggest clues 
to some phases of the cancer problem. 
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EXPERIMENTAL STUDIES ON MICE 
~ ICE ARE SlMlLAR TO MAN in many 
respects and are therefore extensively studied in several labora-
tories for whatever contribution they might make in the attack on 
cancer. Cancers resembling most types of human cancers occur 
in mice. In general, they are fairly common in elderly mice but 
rare in young mice. Some kinds of cancer, however, are not un-
common in young or middle aged mice of some strains. Mice 
represent an excellent research material and have been widely 
used for experimental studies on the genetics of cancer (Heston 
1948, Grueneburg 1952). It is possible to raise mice under con-
trolled and standardized conditions. Experimental breeding can 
be carried on effectively and the transplantation technique is 
available to study the behavior of living tissues in different internal 
environments. 
In the early part of the present century, it was observed that 
sporadic cases of cancer occurred in different mouse families but 
no consistent hereditary patterns were observed. C. C. Little 
recognized the importance of homogeneous strains for genetic 
studies and set out to produce such strains through inbreeding. 
Lionell Strong and others followed the same procedure and over 
a period of 25 years, through which more than 100 generations 
were produced, several closely inbred strains selected for dif-
ferent types of cancer were obtained. Patterns of susceptibility 
to various types of neoplasia became apparent in the inbred 
strains. 
Strain 
A 
C.H 
dba 
C57Bl. 
C571ead 
C58 
Ak 
Table 2. Cancer incidence in inbred strains of mice 
Mammary 
tumor 
percent 
70-85 
75-100 
55-75 
Low 
Low 
Low 
Low 
Lung 
tumor 
percent 
80-90 
5-10 
Low 
Low 
71 
Low 
Low 
Leukemia 
percent 
Low 
Low 
30-40 
Low 
Low 
90 
60-80 
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As shown in table 2 some strains following selection had a 
high incidence of mammary cancer, others were high in lung 
cancer, and still others showed a high incidence of leukemia. 
Some strains, on the other hand, resulting from long selection 
against cancer, showed a low prevalence of some or all types. 
Studies of inbred mice indicate a genetic predisposition which can 
be built up gradually through long periods of selection. There-
fore the inheritance is based on numerous quantitative genes or 
polygenes. No single dominant or recessive gene seems to in-
fluence susceptibility for the common types such as breast and 
stomach cancer in mice, but rather, numerous genes are involved 
with cumulative effects. Recent studies by W. E. Heston at 
the National Cancer Institute have shown one type of lung cancer 
to be more simple genetically than other cancers. Major genes 
for this type are linke~ in the same chromosome with genes for 
vestigial tail and the shaker trait. 
The studies on mice have also shown clearly that many factors 
other than heredity are involved in the etiology of cancer. The 
identity of these along with their mode of action has been the 
object of many experimental studies. In some types of cancer in 
inbred mice, genetics has been shown to playa major role, while 
in other types it is secondary or insignificant. Investigations on 
mice also indicate that a malignant condition can occur at a 
specific site in a laboratory animal as a result of a genetic mech-
anism, while the same malignancy can occur in another animal 
apparently as a result of non-genetic factors. Hereditary and 
environmental factors are therefore intimately associated in can-
cer prevalence. 
Factors known to influence the incidence of cancer in mice 
are: genetics, milk factor (a virus), hormones, chemical carcino-
gens, irradiation, and diet (indirectly). The order of importance 
may vary widely according to the strain of mice, type of cancer, 
an environmental conditions. In inbred strains in general, ge-
netics is near the top of the list. The milk factor was identified 
(Bittner 1942, 1950, Graff et al. 1949) as a virus transmitted from 
the mother to the progeny through the milk. This factor has now 
been found in other body fluids, such as saliva and semen. It is 
less specifiC than previously described and presumably may be 
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transmitted by the father as well as the mother. As previously 
stated, there is no evidence at present to indicate a milk factor in 
human beings. 
Hormones are important growth regulating agents. Exten-
sive studies with mice have indicated that the speed with which 
abnormal growth and cancer of certain types develop depends 
largely on hormones. Recently therapeutic measures in man have 
been accomplished by successful regulation of hormones. Cancer 
of the breast and prostate, for example, can be temporarily treated 
by removing the adrenal glands and thus altering the hormone 
complex of the blood. Castration or introduction of the female 
sex hormone has been used successfully to inhibit the growth of 
prostate cancer. 
Carcinogens such as tar products have also been shown to 
induce cancer in places where they come in contact with body 
tissues. Some fungus or nematode parasites may secrete toxic 
substances which are carcinogenic in action. Irradiation, one of 
the agents used for cancer treatment, is known to induce cancer 
in mice and in human beings when used excessively. Diet pat-
terns are also involved at least indirectly, in the onset of some 
types of cancer. This factor may not justify a separate heading 
since the relationships between diet and cancer known at present 
could be classified quite satisfactory in the category of carcino-
gens. Larsen and Heston (1945) found that strain A mice (with 
high incidence of spontaneous lung tumors) have a reduced tumor 
incidence when fed on a low calorie diet. This diet may merely 
lower the resistance of mice to other diseases and thus alter the 
proportion dying with cancer. On the other hand some dietary 
factors may be shown to influence the incidence of certain types 
of cancer. 
The effectiveness of internal and external environmental 
agents in causing cancer in inbred mice is determined to some 
extent by the genetic constitution of the animals. The genotypes 
of some strains favor resistance to certain cancers and those of 
other favor susceptibility. Genes also influence cancer incidence 
indirecty through their relationship with hormone and the milk 
factor production. Without attempting to explore biological 
similarities and differences between mice and man it is postulated 
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that some such relationships between heredity and environment 
also occur in human beings. Since the experimental approach is 
not feasible to test this hypothesis and inbreeding is not practiced 
to an appreciable extent in human populations the methods used 
for man must be indirect. 
INHERITED NON-CANCEROUS GROWTH 
ABNORMALTIES IN FRUIT FLIES 
~ FLIES (Drosophila melano-
gaster Meigen) represents an excellent laboratory material for 
genetic studies. They have a short life cycle requiring only ten 
days between generations and produce families in the order of 
200 progeny per couple. They can be cultured easily and eco-
nomically in the laboratory. Many ,well known stocks carrying 
marker genes and chromosome aberrations are available for study. 
The enlarged salivary gland chromosomes provide an excellent 
tool for identifying chromosome aberrations and locating genes 
on chromosomes. Interestingly, fmit flies as well as other animals 
have abnormal growths. Although these growths are not malig-
nant and differ from those of higher animals in some respects they 
have some things in common with abnormal growths in general, 
such as cell division and organismal control. Abnormal growths 
appear at characteristic sites, and are influenced by environmental 
as well as hereditary factors. Basic knowledge of abnormal 
growth in flies may therefore be found applicable to abnormal 
growth of other animals. The objectives of the fruit fly investiga-
tion in our laboratory are to discover the basic processes of ab-
normal growth and their inherited tendencies in an experimental 
animal especially favorable for study. 
The particular strain of flies now being studied (Gardner 
1948, Newby 1949) was obtained in 1941 from a wild population 
in Mexico by a collecting party from the University of Texas. The 
flies were taken to the University of Texas laboratory where they 
were maintained and inbred. In 1945 abnormal growths were 
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observed on the heads of some adult flies. Presumably the ab-
normality arose following the mutation of one or more genes while 
the flies were maintained in the laboratory. In 1946 a few flies 
carrying the abnormality were received through the courtesy of 
W. S. Stone and the present study was initiated. A stock was 
obtained through selection in which about 75 percent of the flies 
were abnormal. The irregular growths distributed more or less 
at random on the heads (fig. 3 and 4) of the flies suggested the 
descriptive name "tumorous head" (tu-h) which has been used to 
identify the trait. The abnormality was expressed consistently in 
the inbred strain and was not found in any other fly population. 
Normal appearing flies from the tumorous head stock produced 
abnormal progeny in the same proportion as those expressing the 
trait. 
Related Phenotypes 
OTHER EXPRESSIONS or phenotypes bearing some resem-
blance to tumorous head have been described by other investi-
gators. Zimm (1951) investigated a mutant much like tumorous 
head which was associated with an allele of lobe (LD). Flies carry-
ing several lobe alleles have been compared and crossed with tu-
morous head in our laboratory but no genetic relationships have 
been detected. Sobels (1952) investigated the genotype for "asym-
metric" which produced some manifestations similar to those of 
tumorous head, but abnormalities of the thorax and abdomen as 
well as the head were included. Another phenotype "abnormal 
head" somewhat like tumorous head was received through Bentley 
Glass from Hans-Joachin Becker. Flies with this trait when 
crossed with tumorous head behaved as if they might carry a mod-
ifier of tumorous head but showed no evidence of allelism or inter-
action. The common mutants: eyeless, bar, deformed, kidney, 
and aristapedia resemble some expressions of tumorous head but 
have no genetic relationship. The mutant erupt described by Glass 
(1944) is the only one investigated which shows a genetic relation 
With tumorous head. Phenotypically, erupt resembles one ex-
pression of tumorous head; but the abnormal growth is restricted 
to the eyes. The two stocks have something in common but the 
genetic relationship has not been established. 
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Fig. 3 Fruit flies, Drosophila melanogaster Meigen; above: normal female and 
male; below: male showing abnormal tumorous head growth 
(Photographs by William P. Nye) 
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Hereditary internal melanotic growths have been investigated 
extensively in fruit flies since they were first described by Bridges 
(1916). Many investigators including Stark (1919, 1937), Wilson 
(1924), Russell (1940, 1942), Hartung (1950), Burdette (1951), 
and Herskowitz and Burdette (1951) have reported on such 
growth abnormalities. Six inbred stocks carrying genes for inter-
nal melanotic tumors were compared and crossed with tumorous 
head (Gardner and Stott 1951). No similarity nor genetic re-
lationship was detected. 
Experimental Approach 
THE FIRST EXPERIMENTS PERFORMED by the author 
(Gardner and Woolf 1949) were designed to determine how 
many genes were involved in the production of tumorous head and 
their locations in the chromosomes. By appropriate crosses the 
different chromosomes from the tumorous head flies were replaced 
with marked chromosomes (carrying dominant mutations) from 
laboratory stocks. The results showed that the first and third 
chromosomes each carried a gene, both of which were required 
for the expression of the trait in more than 1 percent of the flies. 
The second and fourth of the four fruit fly chromosomes had little 
or nothing to do with the abnormality. By determining the per-
centage of crossing-over between the tumorous head genes and 
other genes with known loci on the same chromosomes, the ap-
proximate locations were obtained (Stott and Gardner 1952). 
The first chomosome gene (tu-l) was located at 64.5 units from 
the left end of the first chormosome. The third chromosome gene 
( tu-3) was placed tentatively at 59 units from the left end of the 
third chromosome. These areas were examined on the salivary 
gland chromosomes of heterozygous flies. No structural re-
arrangements were detected. 
When flies from the tumorous head stock were crossed re-
ciprocally with wild flies, different results were obtained in the 
first generation. Tumorous head females mated with wild males 
produced about 30 percent of abnormal F 1 flies compared with 
1 percent or less from the reciprocal cross between tumorous head 
males and wild females. In the second generation, comparable 
results were obtained from the two crosses. One percent or less 
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Fig. 4. Heads of fruit flies , Drosophila melanogaster Meigen, showing 
expressions of tumorous head phenotype 
(Photographs by William J. McConnell) 
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of the F 2 progeny from both reciprocal crosses were abnormal. 
The difference in the proportion of abnormal flies in the first 
generation resulting from reciprocal crosses was interpreted as 
a maternal effect. Evidently, some gene-controlled influence 
from the tumorous head mother on the egg or develping embryo 
was responsible for the increased percentage of abnormal growths. 
The growths were larger and more frequent when the flies 
were raised at higher temperatures (Gardner and Woolf 1950). 
A gradual increase was observed from 54 percent of abnormal flies 
at 18 degrees C to 93 percent at 30 degrees C. When the flies 
were maintained at high and low temperatures during 24 hour 
intervals in the life history, it was shown that a temperature ef-
fective period existed during the first twenty-four hours of devel-
opment. This represents the egg and early larval stage. The 
maternal effect controlled by the sex-linked gene was shown to 
be influenced by temperature at this period. The action of the 
other more basic gene in the third chomosome was not influenced 
significantly by temperature change between 18 degrees and 30 
degrees C. 
Tumorous head flies were about 20 percent less viable than 
wild (Lausanne) flies raised under the usual environmental con-
ditions (Gardner and Ratty 1952). At normal temperature (21 
degrees C) 50 percent of the tumorous head flies reached the 
adult stage compared with 71 percent of the controls. When 
raised at a higher temperature (30 degrees C) tumorous head 
flies were considerably less viable than the wild controls with 
which they were compared. Only 6 percent reached the adult stage 
compared with 55 percent of the controls. The tumorous head 
males were more viable at high temperatures than the females. 
At 30 degrees Conly 232 of 4,000 eggs reached the adult stage. 
Of these 52 were females and 180 males. When the temperature 
was increased one degree (31 degrees C) in another experiment, 
17 females and 232 males were obtained. The results of reciprocal 
crosses suggested a maternal effect for viability as well as the 
tumorus head phenotype. 
Modifiers enhancing the tumorous head expression were in-
dicated in several laboratory stocks with which reciprocal crosses 
were made (Gardner and Stott 1951). Three "wild" laboratory 
stocks (Stephenville, Oregon R., and Crimea) were found to carry 
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alleles of the sex-linked tumorous head gene (tu-l). Flies col-
lected from eight different natural populations in Utah, Colorado, 
and Texas were tested for modifiers of tumorous head (Gardner, 
Stott, and Dearden 1952). Genes increasing the incidence of the 
growths were found in some flies representing each of the eight 
samples. 'J;he study was extended to include collections from 24 
natural populations from New York to California (Gardner and 
Gardner 1953). About 50 flies from each collection were tested 
for the presence of modifiers of the tumorous head genes. Some 
representatives of all 24 populations were found to carry modifiers 
in different frequencies while in laboratory stocks previously 
tested such genes were completely absent or uniformly present 
and homozygous. Four other stocks from foreign countries were 
also tested and gave results generally comparable with those from 
the United States. 
The test consisted of reciprocal pair matings between tumor-
ous head flies and those from natural populations. The F 1 and F 2 
-results were compared with controls which represented estab-
lished patterns for reciprocal crosses. Consistently different re-
sults from reciprocal crosses in the F 1 of the controls as well as the 
experimental crosses indicated a maternal effect. From the cross 
between tu-h females and males from wild populations 19.7 per-
cent of the 46,811 progeny were abnormal, compared with 1.2 per-
cent of the 65,631 flies from the reciprocal cross. No significant 
difference was detected in the F 2 results from the two reciprocal 
crosses. From a total of 61,214 F 2 flies from the original cross 
between tu-h females and wild males, 2.3 percent were abnormal 
compared with 2.7 percent of the 73,943 from the reciprocal cross. 
None of the F2 control matings produced more than 1 percent 
abnormal flies. The difference between the results of individual 
F 2 control and experimental cultures was explained on the basis 
of modifiers of the tu-h genes segregating in the natural popula-
tions and the absence of such genes in the stocks used as controls. 
The modifiers from natural populations behaved in the same 
way as those from inbred laboratory stocks. All laboratory stocks, 
however, which had modifiers were uniform and ~VJ.JJ\.I .L<:; 
ozygous while the genes were apparently segregating in rlitt<3T,pnt 
frequencies in natural populations. The difference can be 
plained on the basis of inbreeding which is usually involved 
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maintaining laboratory stocks. Only a few flies are ordinarily 
transferred to new culture bottles in each generation. Wright 
(1932) has shown that small breeding populations tend to be-
come homozygous for certain genes or free from such genes by 
chance. 
Action of the Tumorous Head Genes 
IMAGINAL DISCS of the cephalic complex which arise 
from the brain in the early larvae represents the primordia of the 
eyes and antennae of the adult flies (Chen 1929). Since most of 
the tumorous head growths occur in the eye and antennal areas 
and some represent homoeotic replacements, the discs of the 
cephalic complex must be involved in the process. The discs are 
known to grow by cell division rather than increase in size of 
cells, which is the method characteristic of growth in some other 
larval structures (Poulson 1950). The basic gene (tu-3) located 
at point 59 in the third chromosome must influence the growth 
rate, symmetry, or placement of these discs, resulting in the 
abnormalties reflected in the adult flies. The analysis of the 
mechanism involved is being approached from morphological 
studies of the larvae in successive stages of development and bio-
chemical studies designed to identify physiological deviations 
from the normal during the larval development. 
The tu-l gene controls a maternal effect, is markedly in-
fluenced by temperature change, and does not behave as pre-
cisely as the conventional genes identified in fruit flies. It seems 
to be a peculiar type of modifier which acts only in the female by 
conditioning the egg and early larva for abnormal development. 
The tentative location of tu-l (64.5 in the first chromosome) is 
near the heterochromatin region. Results of recent linkage studies 
indicate that tu-l might be actually in the heterochromatin area. 
Furthermore, the behavior of this gene suggests that it might 
represent a quantative effect of heterochromatin. 
To determine whether different quantities of heterochromatin 
influence the expression of tumorous head, attached-X females 
with and without the Y chormosome (composed almost entirely 
of heterochromatin) were crossed with tumorous head males. 
Females from different attached-X stocks carrying the Y chromo-
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some behaved in the usual way and produced less than 1 percent 
of abnormal flies when crossed with tumorous head males. About 
15 percent of the Fl flies were abnormal when attached-X females 
without a Y chromosome were crossed with tumorous head males. 
The Y chromosome was removed from several females from differ-
ent origins by appropriate crosses with Novitski's X-Y stock in 
which a small part of the Y carrying the fertility factors was trans-
located to the X chromosome. In the absence of the Y chomo-
some, from lO to 15 percent of the flies from pair matings were 
abnormal. This indicates that the Y chromosome acts as a sup-
pressor of the tumorous head expression. Further experiments 
designed to investigate the biochemical aspects of the maternal 
effect and the influence of the heterochromatin are in progress. 
CONCLUSION 
~ EVIDENCE indicates no hereditary 
tendency for cancer in general. The susceptibility or predisposi-
tion to some specific types of cancer is hereditary in different 
degrees. Most statistical investigations show that breast and 
stomach cancers occur significantly more often among the near 
relatives of breast and stomach cancer patients, respectively, than 
in the controls representing the general population. In these 
types, however, inheritance is a minor factor. On the other hand, 
intestinal polyposis, a predisposing factor for cancer of the colon, 
is determined by a single dominant gene and follows a definite 
pattern of inheritance. 
Highly inbred strains of mice show a high or low incidence 
of specific types of cancer. The present status of each strain with 
reference to cancer incidence has been established gradually by 
continued selection. Therefore a quantative mode of inheritance 
is indicated with many genes acting in a cumulative fashion. 
Human beings are not inbred to any appreciable extent. If the 
common types of human cancer behave as they do in mice, an 
hereditary pattern would not be expected in family groupS. 
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Rather, sporadic cases would be expected to follow the chance 
combinations of numerous genes acting cumulatively and express-
ing themselves in certain environmental situations. 
Fruit fly studies on the inheritance of abnormal growth have 
at least an indirect relationship to the cancer problem. They are 
being conducted with the objective of gaining basic information 
concerning hereditary tendencies involving various aspects of 
abnormal growth processes. An inherited growth abnormality has 
been detected in the strain of flies now under investigation and 
two genes controlling the expression have been located in the 
chromosomes. One of these genes is necessary for the production 
of the abnormality but has a penetrance of less than 1 percent. 
The other gene is a peculiar kind of a modifier which controls a 
maternal effect and increases the expression to include about 
75 percent of the flies. Modifiers have been found to exist in 
wild populations which enhance or inhibit the growth abnormality. 
Studies designed to determine more precisely the action of the 
tumorous head genes are now in progress. 
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